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AKimCiE, TStudy of Route Diversity against Localized Rainfalls in Millimeter—-wave Wireless Mesh Networks

(VP A v v 2 IRy b U — 712810 2 RPTZERICHT 50— F A A N—=FO/F%E) | S8 L, #IiZ
B S 7o I VIRHER R Y N U —27 2RI, RPN ORI Z R Ly — F XA N—= FREFTET D
ZEERHBELIZLDOT, EX6EMNOLHEINTND.

% 1% [ntroduction (Fim) | TiE, M7 74 v 7 OREECEMRT 2 —FB L L TRES N2 I U BH
Ao a B Yy NT — 27120, BEOBRBESRE WO RKREN LT 5 MEAEZHEHL T\, /M
B VERy NU—2 T, BROBIMEEZEE LRV X %2175 26T, Xy NT—J @M EOM B2 %
FET D2 ERARFRILDO B TH D LIRRTND. ZDO72D, HEROFIEITLLAL D DITHTROEERE & Z OF W BT
HEBELICRFDPMLETH D Z LR, FHXOEMBHERERLTWA.

% 2% [Tokyo Tech Millimeter—Wave Model Network (BRLKIVHET /N F v hU—2)] TiE, HIKK
RIS v o RRATHEE LTI VIEET ARy N — 7 OfRE R LTS, ZOERR Yy NT—2 TiE 7Tm 5
BOK Tk FRE OO H RO IR ERRE 2 A 975 9 B A RRE L, 25GHz 36 O 38GHz 47 T BIMRRFEBR Zflkise 3
5. BE#RE R TSI 2MOBERNIIRIMEEZE L, ThEaBEICANTS A A= FERICLY, FHOBMEFR
ERESMETEDAREMEDLH D, BE LRy MU —7 TINE TIZARWEICHE 2T — % 2 RIS 45
TRy, ZOREOIGEEERIL TN,

% 3% [Rain Sensing using Dual-frequency Measurements (2 ERIHIEIZ LA RE 7)) TiT,
B ORI S RN IREE 2 HEET 2 7 /L= U X WITOUWTHIZE L, 2 AR O B OMERRED 7 — % & v
52 T, MMRRSAIZA Xy MECEE LOOBREEHEET 2 FIEEZREL, ZEHELEZHBE LWL
T ML DEHFEM (ITU-RET V) EHEE L, FHHROHRICH L TRV BEEORWHEEN TRETH 5 2 & 2 5E55E
LTna. IVERY NT—7 OFERREONIEES LT, BEORWHNREBIINATE S Z 2R L T 5.

%5 4% [Localized Behavior of Rainfalls (RIFTHIZERNOIRSEEY) | TIE, T A xy NU—7 L THR&
L7cBERFORT — 2 030D, 2 R OFEEERS LOBRIRE 2 3T A—2 & UTHBEREE ARV A7 T 25HE LT
WA ET, RFTHEOIROBERN R ELEERE X O BRI R O A O FEIC I, $UEBRE RAED D1k ME
B0 Y, MOEZOLDIZEH LAY AT T AON, FHCEROMSICE 52BN EFARICKRETE 58
THL TSI &%, ETF—XIZLVRL T\, FRCHREZ S ML LI ORI LI BN Y 47T B3,
FERR AT & BICITRRE U D BB AR OIS TH DL Z L ZRB LTS, £io, RV K& RAF—1LT
LS T IR lo— A N=UF 2 FHRHEO I VxR >y MY — 7 OB@=RO M EOBLR TRIET %
A RL TV S.

% 5% [Diversity and Improved Network Reliability (¥ A N—IFBIURRy U — 7 (FHEMEDM E) ]
TIE, RFTZRBERICRIT 5, XA = F R RERGHRRET, RERIT 2 A D TH LI LT
5. BOES - D 2 SONRT A= EREL LT, A MEAN—TF - WL A N—VFIZ LB L AN
— T HREFTML T D, IDIE, BEBEMRBEEO N G T AR, b XA =T ROEHFTMIC A2
ThdHIERFEFTEL TN,

%67 [Conclusions (f&im) ) TiX, KWL OWNEERIEL TS, B EETET 52, R0 U EER
HER >y MU — 7 OBMARERME Y, BEFEAE T 2 FHRTH 2 JRFTHIRNICE B LERICHRF L2 0T,
WY FT T 5 ENDF LWEIE A BN & BRE QR PTEOTMICEAT 2 2L C, IVERY T —7 DR
EHOGICL, FHEEBER Y R —Z 128 R0 B2 oF AR T L LIS, 2 BEBINEARELNEE
Y=L LTOEHLTRET 50T, L LW TERERT 5L ZANKEWV. Lo THAIIARR LD
+ (%) O E LTHOMMEDOH D H D LB 5.
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To cope with the recent demands of broadband communications, millimeter waves have received
substantial attention because of their high—speed data transmission capabilities and creation of new
frequency resources. However, the millimeter—-wave band suffers strong attenuation due to rain, the link
disconnection occurs often. Therefore, while the calculating link budget for a wireless system using this
frequency band, the behavior of rain, attenuation due to rain, and the amount of degradation must be
accurately understood.

This thesis presents an evaluation of the influence of rain and its attenuation on link performance in a
Tokyo Institute of Technology (Tokyo Tech) millimeter—-wave model mesh network. Conventional
statistical analyses including cumulative rain rate distribution and specific rain attenuations are performed
on data collected from 2009 onwards. The unique effects arising due to the highly localized behavior of
rainfalls have become clear and are characterized in terms of variograms rather than correlation
coefficients. Moreover, the effectiveness of diversity was revealed by combining the statistical and
deterministic analysis. The results showed that the spatial separation even in the small network here with
links of less than 1 km provides effective diversity branches for better availability performance. The link
down rate with diversity can be greatly suppressed over the campus network. In addition, as an
“additional” usage of the dense communication network, the thesis indicated that the rain rate can be
accurately observed even for the heavy rain, if dual-frequency measurements are introduced. This could
be an alternative of dense rain gauge arrangement.
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